Introduction
============

With the improvement of living standards and the increase in the number of obese people, it is estimated that the number of diabetic patients in the world will reach 430 million by 2030 ([@b1-etm-0-0-5378]). Currently, China has the second largest population in the world, and the number of diabetic patients in China is expected to reach over 43.2 million by 2030 ([@b2-etm-0-0-5378]). Diabetic patients may suffer from various vascular complications due to metabolic and endocrine system disorders. This can eventually lead to diabetic retinopathy (DR) and loss of vision in diabetic patients. Recent studies have confirmed that inflammation plays a key role in the DR development and progression ([@b3-etm-0-0-5378]).

Results obtained from several previous studies have shown that long-term hyperglycemia can activate the advanced glycation end products (AGEs) and receptor for advanced glycation end products (RAGE) signal regulation pathway ([@b4-etm-0-0-5378]). AGEs are compounds formed by the long-term hyperglycemia and protein glycosylation, which play important roles in cell damage and chronic progression of diabetes ([@b5-etm-0-0-5378]). AGEs, combined with RAGE, can lead to intracellular oxidative stress, produce free radicals and activate nuclear factor NF-κB. In addition, AGEs can also promote the release of interleukin-1β (IL-1β), IL-6 and tumor necrosis factor-α (TNF-α), leading to the inflammatory response. RAGE is the key receptor protein of AGEs, and the abnormal expression of RAGE gene or a change in RAGE gene activity change may affect the development and progression of DR ([@b6-etm-0-0-5378]--[@b8-etm-0-0-5378]).

Studies have found that RAGE protein expression levels in DR patients is abnormally high ([@b9-etm-0-0-5378]). DNA methylation is a common type of epigenetic modification, and the gene expression can be lated when CpG islands are methylated in some gene promoter regions ([@b10-etm-0-0-5378]). To our knowledge, no conclusive research has been done on RAGE gene promoter methylation. In this study, the methylation status of RAGE gene promoters in peripheral blood mononuclear cells (PBMCs) was studied via methylation-specific PCR (MSP). IL-1β, IL-6 and TNF-α levels in serum were detected using enzyme-linked immunosorbent assay (ELISA). RAGE gene promoter methylation was inhibited via methylase inhibitor, 5′-aza-2′-deoxycytidine (5-aza-dC), and the effect of methylation on IL-1β, IL-6 and TNF-α levels were studied. The correlation between RAGE gene promoter methylation and diabetic retinal inflammation was investigated.

Materials and methods
=====================

### Materials and objects of study

5-aza-dC (Sigma, St. Louis, MO, USA); RPMI-1640 medium, fetal bovine serum (FBS) (HyClone Laboratories, UT, USA); Ficoll Paque Plus (GE Healthcare, Bethesda, MD, USA); Epi-Tect Bisulfite kits (Qiagen, Nordrhein-Westfalen, Germany); IL-1β, IL-6 and TNF-α ELISA kit (Beyotime Biotechnology Institute, Nantong, China); DNA extraction kit (Tiangen, Beijing, China); TaqDNA polymerase, dNTP mixture, DNA marker and primer synthesis (Takara, Dalian, China).

A total of 80 patients diagnosed with type 2 DR in Qilu Hospital, Shandong University from October, 2013 to October, 2015 were enrolled in this study. This included 44 males and 36 females aged 54.2±9.5 years. Diabetic patients were diagnosed according to WHO standard in 1999, and all patients were definitely diagnosed through the fundus fluorescein angiography and fundus examination. There were 40 healthy subjects without diabetes, heart disease, hypertension and other diseases in normal control group, including 23 males and 17 females aged 55.3±10.7 years. The participants had no specific heart, liver and lung diseases, and no acute and chronic infectious diseases and malignant tumors. The patients or their families signed the written informed consent, and this study was approved by the Ethics Committee of Qilu hospital.

### Isolation and culture of PBMCs

Twenty microliters of venous blood was collected from each patient, and PBMCs were isolated using Ficoll-Paque Plus and cultured using the RPMI-1640 medium containing 10% autologous serum under 5% CO~2~ at 37°C for 2 h. Suspended cells were washed and adherent cells were collected, and the media were replaced every 24 h, followed by digestive passage when cell fusion was realized.

### Detection of RAGE gene promoter methylation in PBMCs via MSP

Total DNA was extracted using DNA extraction kit, and the DNA content and purity (qualified if A260/A280 \>1.8) were detected using ultraviolet spectrophotometer (U-3010; Hitachi, Tokyo, Japan). Total DNA extracted received bisulfite modification according to instructions provided by EpiTect Bisulfite kits, and methylation-specific PCR and unmethylated-specific PCR were performed for modified DNA. PCR reaction was 2 µl 10X PCR buffer (20 µl in total), 20 pmol primers ([Fig. 1](#f1-etm-0-0-5378){ref-type="fig"}, sequence), dNTP (final concentration of 0.2 mmol/l), MgCl~2~ (final concentration of 1.0 mmol/l), 1 unit Hot Start Taq enzyme and 100 ng modified DNA template. The specific conditions for PCR amplification were as follows: 95°C for 5 min, degeneration at 95°C for 45 sec, annealing at 67°C for 45 sec, extension at 72°C for 60 sec, a total of 30 cycles, and reaction termination after extension at 72°C for 10 min. PCR product was transferred to 2% agarose gel electrophoresis, ethidium bromide staining, photography and result analysis using gel-imaging system (UVP, LLC, Upland, CA, USA) ([Table I](#tI-etm-0-0-5378){ref-type="table"}).

### Detection of IL-1β, IL-6 and TNF-α contents in serum via ELISA

Three milliliters fasting venous blood was drawn from DR patients and those in normal control group in the early morning, and centrifuged after water bath at 37°C for 10 min. The serum samples were collected and stored in the refrigerator at −20°C, and the IL-1β, IL-6 and TNF-α contents in serum were detected according to instructions of ELISA kit.

### Detection of effect of 5-aza-dC on RAGE gene promoter methylation in PBMCs via MSP

PBMCs of DR patients with positive RAGE gene promoter methylation were cultured according to standard method, and cells were divided into non-treatment group (NT) and 5-aza-dC treatment group. Cells in NT group were cultured using the normal culture method, while cells in 5-aza-dC treatment group were treated with 5-aza-dC with the final concentration of 5 µmol/l. After 24 h, cells were digested by trypsin and collected, and the total DNA was extracted using the DNA extraction kit. The RAGE gene promoter methylation in each group was then detected.

### Detection of effect of 5-aza-dC on IL-1β, IL-6 and TNF-α in culture supernatant of PBMCs via ELISA

PBMCs in logarithmic growth phase were collected and added into each well (2×10^5^ cells/ml). After the culture of PBMCs suspension in the 6-well plate for 24 h, the cells were treated according to the method in 1.5. After 24 h, 50 µl culture supernatant was drawn and the contents of IL-1β, IL-6 and TNF-α in culture supernatant were detected according to instructions of ELISA kit.

### Statistical analysis

SPSS 17.0 (IBM Corp., Armonk, NY, USA) was used for data processing in this study. Measurement data were presented as mean ± standard deviation. LSD test was performed for multiple comparisons test. p\<0.05 indicates a statistically significant difference.

Results
=======

### RAGE gene promoter methylation in PBMCs

All RAGE gene promoters in PBMCs of 40 healthy adults were methylated, and the detection rate of RAGE gene promoter methylation in PBMCs of DR patients was 32.50% (26/80) ([Fig. 1](#f1-etm-0-0-5378){ref-type="fig"}). The methylation rate of RAGE gene promoters had a significant difference in PBMCs between DR patients and healthy adults (p\<0.01).

### IL-1β, IL-6 and TNF-α levels in serum

In DR group, the serum levels of IL-1β, IL-6 and TNF-α of patients with and without RAGE gene promoter methylation were higher than those in the normal control group (p\<0.01). IL-1β, IL-6 and TNF-α levels in patients with positive RAGE gene promoter were significantly lower than those of patients with negative RAGE gene promoter methylation, and there were significant differences (p\<0.01) ([Fig. 2](#f2-etm-0-0-5378){ref-type="fig"}).

### Effect of 5-aza-dC on RAGE gene promoter methylation in PBMCs of patients

All RAGE gene promoters were methylated in non-treatment group (NT), and no RAGE gene promoter methylation was detected in 5-aza-dC treatment group, suggesting that the RAGE gene promoter methylation in PBMCs of DR patients with positive RAGE gene promoter methylation can be completely inhibited after intervention with 5-aza-dC for 24 h ([Fig. 3A](#f3-etm-0-0-5378){ref-type="fig"}).

### Effect of 5-aza-dC on IL-1β, IL-6 and TNF-α levels in culture supernatant of PBMCs

When the RAGE gene promoter methylation in PBMCs was inhibited by 5-aza-Dc, IL-1β, IL-6 and TNF-α levels in culture supernatant in the 5-aza-dC group were significantly higher than those in the NT group. All differences were statistically significant (p\<0.01) ([Fig. 4](#f4-etm-0-0-5378){ref-type="fig"}), suggesting that inhibiting the RAGE gene promoter methylation in PBMCs can significantly increase the levels of IL-1β, IL-6 and TNF-α in culture supernatant of PBMCs.

Discussion
==========

Diabetic retinopathy is a serious complication in patients suffering from diabetes, which can cause serious lesions in retinal capillaries, and eventually may lead to blindness ([@b11-etm-0-0-5378]). RAGE is a transmembrane receptor with multiple ligands ([@b12-etm-0-0-5378]). RAGE, combined with its ligand AGEs, can activate a series of signaling pathways, which may lead to synthesis and release of different cytokines and growth factors. It can cause vascular endothelial injury, abnormal cellular matrix proliferation and other pathological changes, ultimately participating in the occurrence and development of diabetic complications ([@b13-etm-0-0-5378]). Epidemiological studies have confirmed that the activation of RAGE signaling pathways plays an important role in the inflammatory response of human body and vascular disease in diabetic patients ([@b14-etm-0-0-5378]).

Prior studies showed that inflammatory symptoms can de seen in diabetic patients, and IL-1β, IL-6, TNF-α expressions may abnormally increase in these patients ([@b15-etm-0-0-5378]). Results obtained from other studies revealed that hyperglycemia can promote the secretion of IL-1β, IL-6 and IL-1. It was also discovered that IL-6 can promote the B lymphocyte differentiation, and the production of the antibody-activated T lymphocytes, it may also promote the death of pancreatic islet B cells ([@b16-etm-0-0-5378]). At the same time, IL-1 and IL-6 may promote the proliferation of smooth muscle cells and can increase the endothelial permeability, and cause vascular injury ([@b17-etm-0-0-5378]). TNF-α mediates inflammatory responses, and is an important index of inflammation and tissue damage, which can damage the blood-retinal barrier and increase the permeability of retinal vessels ([@b18-etm-0-0-5378]). Studies have found that TNF-α increases the adhesion of neutrophils and retinal endothelial cells through increasing the activity of glycosylase ([@b19-etm-0-0-5378]).

In this study, MSP was used to detect the methylation status of RAGE gene promoters in PBMCs. The results showed that the methylation rate of RAGE gene promoters in PBMCs of DR patients was 32.50%, and all RAGE gene promoters in PBMCs in healthy adults were methylated. The results of ELISA showed that IL-1β, IL-6 and TNF-α levels in serum of patients with positive RAGE gene promoter methylation were significantly lower than those of patients with negative RAGE gene promoter methylation. In order to confirm the effect of RAGE promoter methylation on diabetic retinal inflammation, 5-aza-dC was used to inhibit the RAGE gene promoter methylation in PBMCs. Consequently, the effect of inhibiting RAGE gene promoter methylation on IL-1β, IL-6 and TNF-α levels in PBMC was investigated. Results showed that inhibiting RAGE gene promoter methylation could significantly increase IL-1β, IL-6 and TNF-α levels in the supernatant, indicating that RAGE gene promoter methylation can inhibit diabetic retinal inflammation.

Yamamoto *et al* studied the role of RAGE in diabetic nephropathy using transgenic technology, and they discovered that the RAGE gene knockout can slow down the occurrence of diabetic nephropathy ([@b20-etm-0-0-5378]). In addition, in other studies it was revealed that lesions may occur in retinas when RAGE protein is overexpressed in mice with transgenic diabetes. Also, it was shown that the retinal inflammation symptoms were significantly improved when the RAGE overexpression in diabetic mice was inhibited ([@b21-etm-0-0-5378],[@b22-etm-0-0-5378]). In this study, it was demonstrated that RAGE gene promoter methylation could inhibit diabetic retinal inflammation.

We conclud that RAGE gene promoter methylation reduce diabetic retinal inflammation. Also, DNA methylation is a way to regulate gene expression, therefore inducing RAGE gene promoter methylation may become a new method for reducing the inflammation of DR patients.

![Detection of receptor for advanced glycation end products (RAGE) gene promoter methylation in peripheral blood mononuclear cells (PBMCs) of diabetic retinopathy (DR) patients and healthy adults via methylation-specific PCP (MSP); all RAGE promoters in healthy adults are methylated, and some promoters in DR patients are not methylated; Ma, Takara DL2000 DNA Marker; case1-case2, DR patients; NC, normal control group; U, unmethylated-specific PCR amplification results; M, methylation-specific PCR amplification results.](etm-15-01-0242-g00){#f1-etm-0-0-5378}

![Detection of interleukin-1β (IL-1β), IL-6 and tumor necrosis factor-α (TNF-α) contents in serum via enzyme-linked immunosorbent assay (ELISA). Compared with those in normal control group, IL-1β, IL-6 and TNF-α contents in serum of diabetic retinopathy (DR) patients are significantly increased, \*\*p\<0.01. The contents of IL-1β, IL-6 and TNF-α in serum of patients with positive receptor for advanced glycation end products (RAGE) gene promoter methylation are significantly decreased compared with those of patients with negative RAGE gene promoter methylation, ^\#\#^p\<0.01. (A) IL-1β content in serum of patients; (B) IL-6 content in serum of patients; (C) TNF-α content in serum of patients.](etm-15-01-0242-g01){#f2-etm-0-0-5378}

![Detection of receptor for advanced glycation end products (RAGE) gene promoter methylation in peripheral blood mononuclear cells (PBMCs) via methylation-specific PCP (MSP). No methylation is detected in cells in 5-aza-2-deoxycytidine (5-aza-dC) treatment group. Ma, Takara DL2000 DNA Marker; U, unmethylated-specific PCR amplification results; M, methylation-specific PCR amplification results.](etm-15-01-0242-g02){#f3-etm-0-0-5378}

![Effect of 5-aza-2-deoxycytidine (5-aza-dC) on the levels of interleukin-1β (IL-1β), IL-6 and TNF-α in cell supernatants. Enzyme-linked immunosorbent assay (ELISA) showed that the levels of IL-1β, IL-6 and TNF-α in cell supernatant in 5-aza-dC treatment group were significantly increased compared with those in NT group, \*\*p\<0.01. (A) IL-1β content in culture supernatant of peripheral blood mononuclear cells (PBMCs); (B) IL-6 content in culture supernatant of PBMCs; (C) TNF-α content in culture supernatant of PBMCs.](etm-15-01-0242-g03){#f4-etm-0-0-5378}

###### 

RAGE gene promoter methylated and unmethylated primer sequence.

  Primer    Primer sequences                Product size (bp)
  --------- ------------------------------- -------------------
  RAGE-MF   5-TTTTAGAATTTTTTTTAGAATTCGA-3   181
  RAGE-MR   5-CTTACACTTCAACACCAATAACTCG-3   
  RAGE-UF   5-TTTTAGAATTTTTTTTAGAATTTGA-3   186
  RAGE-UR   5-TACACTTCAACACCAATAACTCACC-3   

RAGE, receptor for advanced glycation end products; F, forward; R, reverse.
